A medium was developed for the more rapid culture of Pityrosporum ovale.
I N T R O D U C T I O N
Schultz & McManus (1950) measured the growth of 80 strains of yeast with sulphate, cystine, methionine or glutathione as sole sulphur source in a defined medium and divided the strains into classes: (i) those which utilized methionine and cystine and (ii) those which utilized methionine but not cystine. One strain was found which utilized all the compounds tested except sulphate equally. Margolis & Block (1958) measured the relative growth of one strain from each class on 30 sulphur compounds and found that most of those yeasts which did not utilize cystine did utilize cysteine. Skerman & Singleton (1964) reported another strain of yeast which did not use inorganic sulphate although full growth was obtained with cysteine or methionine, and 85 % growth with cystine. This yeast was a strain of Debaromyces kloeckeri, an inhabitant of sub-Antarctic soil rich in organic sulphur compounds.
Wood & Perkinson (1952) grew yeasts on Na,35S0, and found most of the activity in the methionine and cystine of the cell-wall protein, with a small portion in the cysteine as part of the cytoplasmic glutathione. In similar experiments a very small degree of activity was reported also in biotin, thiamin, coenzyme A and S-adenosylmethionine (Maw, 1963; Pigg, Spence & Parks, 1962) . This paper describes the sulphur metabolism of Pityrosporum ovale, a lipophilic yeast which is found on human scalps, usually associated with dandruff (Spoor, Traub & Bell, 1954) , and its growth inhibition by certain sulphur and selenium compounds.
(95-100 yo pure, British Drug Houses Ltd.) or 5 ml. of 6 yo (w/v) aqueous solution of sodium taurocholate (67 yo pure, Difco Laboratories) which served to emulsify the palmitic acid and to provide other unidentified water-soluble growth factors. Compounds for testing as sole sulphur source were prepared in water, with the addition of HCl when necessary (e.g. for cystine) at a concentration of I mg. Sjml. and sterilized by filtration (Postgate, 1963) .
For estimation of amounts of growth, organisms were harvested after 3 days in shake culture at 37", washed three times with 10 ml. 0.9 % (w/v) NaCl solution, three times with 10 ml. water and stood twice in 10 ml. chloroform+methanol+conc. HCl (50 + 50 + I , by vol.) for I hr at 25" to remove external lipid. The organisms were then suspended in a minimum of chloroform +methanol (I + I, v/v) and dried to constant weight.
Metabolism of 35S-and 75Se-arnino acids
methionine and NaZ3%O4 (carrier free) were obtained from the Radiochemical Centre, Amersham, Buckinghamshire, England, and sterilized by filtration except the sulphate which was heated at 100" for 10 min. (Pasternak, 1962) . One ml. of a solution containing 30-40 p c of 35S or 75Se compound together with 50 pg. of inactive compound was added to the growth medium as sole sulphur source. Organisms were harvested after incubation at 37" for 24-48 hr in shake-culture and washed three times with 10 ml. 0.9 yo (w/v) NaCl, three times with 5 ml. I Yo K2C03 to remove adherent fatty acids and three times with 5 ml. water. Addition of inhibitors. Selenious acid, sodium selenite, DL-seleno-methionine (Calbiochem Ltd.) and seleno-urea were added as aqueous solutions. Selenium disulphide (British Drug Houses Ltd.) was deposited inside the culture flasks from a fresh solution in hexane (10 pg./ml.), the solvent being evaporated off; amorphous sulphur was similarly deposited in culture flasks as a solution of flowers of sulphur in CS, (Horsfall, 7956 ). An attempt was made to deposit red amorphous selenium, which exists in the same puckered rings of 8 atoms as amorphous sulphur, into flasks in a similar manner; but black crystalline 'metallic' selenium (British Drug Houses Ltd.), which exists in regular spirals of atoms, was insufficiently soluble in CS2, chloroform or ether. Red amorphous selenium was eventually prepared by dissolving selenious acid in water and adding N-SnCl, solution (I 15 g. SnC1,2H20 in 170 ml. 12 N-HCl made to I 1. with water; Treadwell & Hall, 1952). The precipitate was washed with water and suspended in ethanol but, when placed in the growth medium, it rapidly reverted to the black allotrope. Elemental tellurium, which has no allotropic forms and exists as hexagonal rhombohedra isomorphous with rhombohedra1 sulphur, was added to the medium as an even suspension in benzene.
R E S U L T S
Maximum growth (6 mg. dry wt organism/19-2 ml. medium) was found with methionine and thiazolidine-4-carboxylic acid as sole sulphur sources. Less growth was found with cysteine (4 mg.), methione sulphoxide (3-5 mg.) S-methylcysteine (3 mg.) and cystine (2.5 mg.). Growth was slight with homocysteine (I mg.) or homocystine (I mg.). There was no growth with sulphate, sulphite or taurine and in the control without sulphur source. The preference for methionine, cysteine and cystine, in that order, was confirmed by measurement of the uptake of the [35S]amino acids ( Table I) . Most amino acids are believed to be taken into the micro-organisms 396 J. BROTHERTON by active transport although differences in findings with different organisms raises the possibility that more than a single mechanism may be found to operate (Holden, 1962) . Autoradiography of cell hydrolysates showed the metabolism of methionine to cysteic acid and of cysteine to methionine sulphoxide. Very little metabolism of incorporated cystine occurred. Pityrosporum ovule is thus the third yeast to be recognized as unable to utilize inorganic sulphate. It is similar to the strain of Debaromyces kloeckeri from sub-Antarctic soil in that its natural habitat is rich in organic sulphur compounds. Pityrosporum ovule is thus in the class of yeasts defined by Schultz & McManus (1950) as able to synthesize cystine from methionine but not the reverse, its ability to utilize cysteine agreeing with the findings of Margolis & Block (1958) that most of the yeasts in this class can do so. Selenium disulphide. Selenium disulphide is a potent fungicide (Nordlander, 1929) and has been incorporated into anti-dandruff shampoos for this reason (Thorne, I 963) . The yield of Pityrosporum ovule grown with methionine as sole sulphur source and the uptake of [35S]-methionine were very sharply inhibited, i.e. an ' all-or-nothing ' effect, when SeS, was added to the medium. The concentration of SeS, at which this cut-off occurred varied in the region of 10-20 pg. SeS,/19.2 ml. medium, depending on very slight differences in the number of organisms added in the inocula. Thin-layer chromatography followed by autoradiography showed that the methionine incorporated into the organisms was still being metabolized to cysteine. Just before the sharp cut-off in methionine incorporation, e.g. at 16pg. SeS,, there was a gradual increase in the amount of methionine incorporated, but no increase in the yield of organisms. This accumulation of methionine may represent an attempt by the organisms to overcome the toxic effect of the inhibitor. The very few organisms that it was possible to harvest after the sharp cut-off, e.g. at 17 pg. SeS,, were markedly red in colour.
Selenium disulphide is prepared by fusing sulphur and selenium in the molecular proportions 2 + I although these two elements are miscible in all proportions. There is no evidence that any compound with the structure SeS, is present in the final product (Matson, 1956 ); X-ray diffraction patterns show that some SeS is present and the rest of the material is present as solid solutions of elemental selenium and sulphur in the amorphous form. There are some sulphur rings-of-8, some selenium rings-of-8 and Sulphur and selenium uptake in Pityrosporum 397 some mixed rings-of-8 of the formula Se,S, where n+m = 8. These are all stable lipid-soluble forms which are able to penetrate into the organisms (Horsfall, 1956) .
SuZphur. Amorphous sulphur in the rings-of-8 form was a very good inhibitor of the growth of Pityrosporum ovule although the cut-off in yield was not so sharp and occurred gradually over the range 35-50 pg. S/19.2 ml. medium.
Selenium. Previous work in this laboratory showed that a carefully prepared stable colloid of red selenium (Scandurra, Picani & Cavallini, 1964 ) strongly inhibited the growth of Pityrosporum ovule. The red selenium described here did not inhibit growth at 1000 pg./19-2 ml. medium; this observation is explained by non-penetration into the organisms of the black allotrope which was rapidly produced from the red allotrope in the medium.
Tellurium. Successful penetration of tellurium into Pityrosporum ovale was indicated by the black appearance of the organisms but no significant inhibition of growth occurred up to 1000 pg.lx9.2 ml. medium, confirming that tellurium is much less toxic to fungi than is sulphur (Hochster & Quastel, 1963) .
Seleno-urea. Seleno-urea inhibited the growth and uptake of [35S]methionine by Pityrosporum ovale in the same manner as selenium disulphide except that the cut-off was not so sharp, starting at about 20 pg./19.2 ml. medium. Inhibited organisms were red, again showing the uptake of selenium. Seleno-urea is lipid-soluble, as are selenium disulphide, amorphous sulphur, red selenium and tellurium, and their mode of penetration into the organism is believed to be identical with that of other fungicides, i.e. simple diffusion through the lipoprotein cytoplasmic membranes, those with the highest lipid-water partition coefficient penetrating fastest (Albert, 1960) . Selenite. Selenite up to 760 pg. SeO,/19.2 ml. medium did not inhibit the growth of Pityrosporum ovale nor the uptake of [35S]methionine, which is consistent with the non-utilization of sulphate and sulphite for growth and the failure to incorporate [35S]sulphate. Sulphite and selenite compete for specific sites on the cell membrane which are believed to form a complex with the substance before its active transport into the cell (Shrift, 1961) ; it is concluded that P. ovale lacks these specific active sites.
Seleno-methionine. Pityrosporum ovale grew satisfactorily on seleno-methionine as 398 J. BROTHERTON sole 'sulphur' source for I week (Table 2) , the weight of organisms obtained being the same as for methionine. The amount of seleno-methionine incorporated into the organisms was slightly less than the amount of methionine; the incorporation of either was inhibited by the presence of the other and both were incorporated when present together. Methionine and seleno-methionine are known to behave as a competitive pair in a similar manner to sulphate/selenate and sulphite/selenite (Shrift, 1961) . Some organisms have become adapted to growth on seleno-methionine, e.g. Chlorella vulgaris (Shrift & Spoul, 1963) , when selenium analogues of organic sulphur metabolites are used as substrates by the enzymes of the sulphur metabolites, and altered proteins are formed which function normally, except that organisms grown on seleno-methionine are larger and more dense, because of interference with cell division. A similar phenomenon probably occurred here with Pityrosporum ovale ; cell division probably eventually ceased when sufficient cell-wall protein contained selenocystine instead of cystine. The effects of the inhibitors tested are summarized in Table 3 . 
D I S C U S S I O N
Accumulation of red amorphous selenium granules inside fungi (Rosenfeld & Breath, 1964) and bacteria (Weiss, Ayres & Kraft, 1965 ) growing on selenium compounds is a well-known phenomenon. For selenite the suggested mechanism is a spontaneous reaction with, for example, 32 molecules cysteine to form selenodicystine which decomposes to 16 molecules cystine and red Se,. For s, (and Se,) which penetrate into the cell intact, Owens (1960) suggested ring fission to form H,S and an S , free radical which could undergo many possible reactions, e.g. combination with 2 SH groups forming a sulphur bridge of the nature R-S-(S)x-S-R.
Sulphur and selenium uptake in Pityrosporum 399 Sulphydryl groups in the cell walls are important in cell division in yeasts (Nickerson & van Rij, 1949) , protein disulphide reductase of the mitochondria controlling a local change of disulphide bonds to SH groups at the position of budding, so allowing the cytoplasm to 'balloon' out from the cell (Nickerson & Falcone, 1954) . Organic mercurial fungicides combine with the SH groups of the cell, especially of the cytoplasmic membrane, and an all-or-nothing effect results with the sudden failure of the semi-permeable membrane (Passow, Rothstein & Clarkson, I 96 I). Failure of organisms to divide is another typical example of the operation of all-or-nothing effects, which are known to occur when a group of ligands acting in unison are essential for a particular cell function.
The fungitoxic effect of selenium disulphide, itable colloidal red selenium, amorphous sulphur and seleno-urea on Pityrosporum ovale is probably exerted by irreversibly changing the free SH groups of the cell wall into polysulphide bonds by the production of bridges, thus preventing cell division suddenly when enough such unions have been made. The eventual toxicity of seleno-methionine would be due to the production of seleno-cystine in the cell-wall proteins, which, when present in sufficient quantity, will stop cell division suddenly. Selenite appears to have a dual toxic function (in those organisms which can utilise sulphite), some selenium going through the normal pathway of sulphur metabolism to seleno-cystine and some forming red selenium and uniting SH groups.
